TECHNOLOGY 



IJC1257 

Complete Single Supply 
1 2-Bit Voltage Output 
DAC in SO-8 



F€ATUR€S 

■ 8-Pin SO Package 

■ Buffered Voltage Output 

■ Built-in 2.048V Reference 

■ 500|liV/LSB with 2.048V Full Scale 

■ 1/2 LSB Max DNL Error 

■ Guaranteed 12-Bit Monotonic 

■ Three-Wire Cascadable Serial Interface 

■ Wide Single Supply Range: V C c = 4.75V to 15.75V 

■ Low Power: Ice Typ = 350|aA with 5V Supply 

APPLICATION 

■ Digital Offset/Gain Adjustment 

■ Industrial Process Control 

■ Automatic Test Equipment 



DCSCRIPTIOn 

The LTC1257 is a complete single supply, 12-bit voltage 
output D/A converter (DAC) in an SO-8 package. The 
LTC1257 includes an output buffer amplifier, 2.048V 
voltage reference and an easy to use three-wire cascadable 
serial interface. An external reference can be used to 
override the internal reference and extend the output 
voltage range to 12V. The power supply current is a low 
350pA when operating from a 5V supply, making the 
LTC1 257 ideal for battery-powered applications. The space- 
saving 8-pin SO package and operation with no external 
components provide the smallest 12-bit D/A system 
available. 



TYPICAL APPUCATIOn 



Daisy Chained Control Outputs 



o.i mF 

CONTROL OUTPUT 1 
Ltyf 

CONTROL OUTPUT 2 




Differential Nonlinearity 
vs Input Code 



TO NEXT DAC 



512 1024 1536 2048 2560 3072 3584 4098 
CODE 



XT TECHNOLOGY 



1 



LTC1257 



ni mflNfflum flDTinu: 

V cc toGND -0.5V to 16.5V 

TTL Input Voltage -0.5V to V cc + 0.5V 

V 0UT -0.5V to V cc + 0.5V 

REF -0.5V to V cc + 0.5V 

Operating Temperature Range 

LTC1257C 0°C to70°C 

LTC1257I -40°Cto85°C 

Maximum Junction Temperature 

Plastic Package -65°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



pncuflQCJonDCR lORmn 



CLK[T 

L0AO|T 
Dour [I 



TOP VIEW 
— C7 — 



Yj Vcc 
T\ Vout 

T\ REF 
T] GND 



NS PACKAGE 
8-LEAD PLASTIC DIP 

T JMflx = 125"C,6 JA = 10(WW 
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Sfi PACKAGE 
8-LEAD PLASTIC SOIC 
TjMAX = 125°C.e JA = 150°C/W 



ORDER PART 
NUMBER 



LTC1257CN8 
LTC1257IN8 



LTC1257CS8 
LTC1257IS8 



S8 PART MARKING 



1257C 
12571 



Consult factory for Military grade parts. 



CICCTRICfll CHARACTERISTICS Vcc = 4.75V to 15.75V, internal or external reference 
(2.475V < Vre F < V C c- 2.7V), 'out § 2mA, Ta = T M | M to Tmax. unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS MIN TYP MAX 


UNITS 


DAC 




Resolution 






12 


Bits 


DNL 


Differential Nonlinearity 


Guaranteed Monotonic 




±0.5 


LSB 




Integral Nonlinearity 


LTC1257C 
LTC1257! 




±3.5 
±4.0 


LSB 
LSB 


OFF 


Offset Error 


When Using Internal Reference, LTC1257C 
When Using Internal Reference, LTC1257I 




±8 
±10 


LSB 
LSB 


When Using External Reference, LTC1257C 
When Using External Reference, LTC1257) 




±4 
+5 


mV 
mV 


OFFtc 


Offset Error Tempco 


When Using Internal Reference (Note 1) 
When Using External Reference (Note 1) 




+0.02 ±0.066 
+15 ±30 


LSB/°C 
uV/°C 


FSE 


Full-Scale Error 






0.5 ±2 


LSB 


FSE TC 


Full-Scale Error Tempco 


(Note 1 ) 




±0.01 ±0.02 


LSB/°C 


Reference 




Reference Output Voltage 


Iout = 0, LTC1257C 
I UT = 0, LTC1257I 




2.028 2.048 2.068 
2.018 2.078 


V 
V 




Reference Output Tempco 


Iqut - 




±0.06 


LSB/°C 




Reference Line Regulation 


Iqut = 0, LTC1257C 
Iout = 0, LTC1257I 




±0.4 
±0.7 


LSB/V 
LSB/V 




Reference Load Regulation 


e<iubT<ioopA 




±1 


LSB 




Reference Input Range 


V cc > Vref + 2.7V 




2.475 12 


V 




Reference Input Resistance 






8 14 18 


kfl 




Reference Input Capacitance 


(Note 1) 




15 


PF 




Short-Circuit Current 


V 0U T Shorted to GND 


• 


90 


mA 
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LTC1257 



€L€CTRICni CHARACTERISTICS V CC = 4.75V to 1S.75V, internal or external reference 
(2.475V < Vref < V u - 2.7V), Iqut £ 2mA, T A = T M | N to T M ax> unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN TYP MAX 


UNITS 


Power Supply 


Vcc 


Positive Supply Voltage 


For Specified Performance 




4.75 15.75 


V 


ice 


Supply Current 


4.75V < V cc < 5.25V 
4.75V < V cc < 15.75V 


• 


350 600 
800 1500 


HA 
uA 


Op Amp DC Performance 




Short-Circuii Current Low 


V 0UT Shorted to GND 




60 


mA 




Short-Circui : Current High 


V 0U t Shorted to V C c 




60 


mA 




Output Impedance to GND 


Input Code = 




150 300 


a 


AC Performance 




Voltage Output Slew Rate 


5k£2 in Parallel with 100pF 




to 


V/us 




Voltage Output Settling time 


To +1/2LSB, 5kil in Parallel with 100pF 




6 


US 




Digital Feedthrough 


(Notes 1,2) 




50 


nV/s 


Digital I/O 


V,H 


Digital Input High Voitage 






2.4 


V 


V|L 


Digital Input Low Voltage 






0.8 


V 


VOH 


Digital Output High Voltage 


Iqut = -1mA, D ut Only 




Vcc-1 


V 


Vol 


Digital Output Low Voltage 


Iq UT = 1mA, D ut Only 




0.4 


V 


I LEAK 


Digital Input Leakage 


V| N = GND to V C c 




±10 


ma 


C(N 


Digital Input Capacitance 


(Note 1) 




10 


pF 


Switching (Note 1) 


t1 


D| N Valid to CLK Setup 






150 


ns 


t2 


D| N Valid to CLK Hold 









ns 


13 


CLK High Time 






350 


ns 


14 


CLK Low Time 






350 


ns 


ts 


EOAD Pulse Width 






150 


ns 


t6 


LS8 CLK to LOAD 









ns 


t7 


LOAD High to CLK 









ns 


IB 


Dout Output Delay 


Cload = 1 5pF 




150 


ns 


fCLR 


Maximum Clock Frequency 






1.4 


MHz 



The • denotes specifications which apply over the full operating Note 1: Guaranteed by design; not subject to test. 

temperature range. Note 2: dac switched from all 1 s to all Os, and all Os to ail 1 s code. 
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LTC1257 



typical PCRFonmnnct chrrrctcristics 



Minimum Supply Voltage 
vs Load Current #1 



Minimum Supply Voltage 
vs Load Current #2 



0.1 1 
OUTPUT LOAD CURRENT (mA) 



0.1 1 
OUTPUT LOAD CURRENT (mA) 



Supply Current vs Temperature 


































CC = 5 
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5V 





































-50 -25 



25 50 75 100 125 
TEMPERATURE (°C) 



Supply Current vs 
Logic Input Voltage 



Output Swing vs Load Resistance 



Pull-Down Voltage vs Output Sink 
Current Capability 




12 3 4 

LOGIC VOLTAGE (V) 



100 1k 
LOAD RESISTANCE (11) 



10 100 
OUTPUT SINK CURRENT (fiA) 



1000 



Full-Scale Voltage vs 
Temperature 



2.0495 
2.0490 

£: 

S 2.0485 
o 

2 2.0480 
< 

3 2.0475 

ID 

2.0470 
2.0465 



-50 -25 



I I i I 

V C C - 5V 

INTERNAL REFERENCE 











































































25 50 75 
TEMPERATURE (°C) 



100 125 



Zero-Scale Voltage vs 
Temperature 



0.9 
0.8 
> 0.7 

> 

3 0.4 
<c 

o 

v? 0,3 

o 

cc 

0.1 
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25 50 75 
TEMPERATURE (°C) 



I I 

Vcc = 5V 


" I 
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100 125 



Integral Nonfinearity (INL) 




512 1024 1:536 2048 2560 3072 3584 4096 
CODE 

l»7 
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LTC1257 



tvpical PCRFORmnncc chimactcristics 



Differential Nonlinearity (DNL) 




512 1024 048 2560 3072 35S4 4098 

CODE 



Reference Compensation 
Resistance vs C L 



Broadband Noise 



ssr 70 




r i 1 
CODE = FFFH 
-BW = 3HzT01M 
GAIN = 1100x 










I 


Hz 














.1 J . , . w. 
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TIME = Sms/DIV 



C L (|tF) 



pin funaions 

CLK: The TTL level input for the serial interface clock. 

Dm: The TTL level input for the serial interface data. Data 
on the Dim pin is latched into the shift register on the rising 
edge of the serial dock. 



LOAD: The TTL level input for the serial interface load 
control. Data is loaded from the shift register into the DAC 
register, thus updating the DAC output when LOAD is 
pulled low. The DAC register is transparent as long as 
LOAD is held low. 

Dout : The output of the shift register which becomes valid 
on the rising edge of the serial clock. The Dqut P in is driven 
from GND to Vcc by an internal CMOS inverter. Multiple 
LTC1 257s may be cascaded by connecting the Dout pin to 
the Din pin of the next chip. 



GND: Ground. 

REF: The output of the 2.048V reference and the input to 
the DAC resistor ladder. An external reference with voltage 
from 2.475V to Vcc - 2.7V may be used to override the 
internal reference. 

VrjuT'- The buffered DAC output is capable of sourcing 
2mA over temperature while pulling within 2.7V of Vcc 
The output will pull to ground through an internal 200C 
equivalent resistance. 

V cc : The positive supply input. 4.75V < Vcc £ 15.75V. 
Requires a bypass capacitor to ground. 



5 



LTC1257 



IMPIfllflAA! 



LSB: The least significant bit orthe ideal voltage difference 
between two successive codes. 

LSB=(V F s-V s)/2 n -1 
n = The number of digital input bits 
Vos = The zero code error or offset of the DAC 
V FS = The full-scale output voltage of the DAC 
measured when all bits are set to 1 

Resolution: The resolution is the number of DAC output 
states (2 n ) that divide the full-scale range. The resolution 
does not imply linearity. 

INL: End-point integral nonlinearity is the maximum de- 
viation from a straight line passing through the end-points 
of the DAC transfer curve. Because the part operates from 
a single supply and the output cannot go below ground, 
the linearity is measured between full-scale and the first 
code that guarantees a positive output. The INL error at a 
given input code is calculated as follows: 

INL = (V 0U t-Videal)/LSB 
Videal= (Codex LSB) + V os 
Vqut = The output voltage of the DAC measured at 
the given input code 

DNL: Differential nonlinearity is the difference between 
the measured change and the ideal 1 LSB change between 
any two adjacent codes. The DNL error between any two 
codes is calculated as follows: 

DNL = (AV 0U t-LSB)/LSB 
aVqut = The measured voltage difference between 
two adjacent codes 



Offset Error: The theoretical voltage at the output when 
the DAC is loaded with all zeros. The output amplifier can 
have a true negative offset, but because the part is oper- 
ated from a single supply, the output cannot go below 
ground. If the offset is negative, the output will remain near 
OV resulting in the transfer curve shown in Figure 1 . 



OUTPUT 
VOLTAGE 



NEGATIVE 
OFFSET 




Figure 1. Effect of Negative Offset 



The offset of the part is measured at trie first code that 
produces an output voltage 0.5LSB greater than the pre- 
vious code: 

Vos = V 0U T- [(Code xV FS )/(2 n -1)] 

Full-Scale Error: Full-scale error is the difference be- 
tween the ideal and measured DAC output voltages with ail 
bits set to one (Code = 4095). The full-scale error includes 
the offset error and is calculated as follows: 

FSE = (V ut-V|deal)/LSB 

ViDEAL = [VREFX(1-2- n )]-V 0S 

Vref = The reference voltage, either internal or 
external 

Digital Feedthrough: Theglitchthatappearsattheanalog 
output caused by AC coupling from the digital inputs when 
they change state. The area of the glitch is specified in 
nV x sec. 
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LTC1257 



SLOCK DlflGfiflm 
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LTC1257 



OP€RRTIOn 

Serial Interface 

The data on the Dm input is loaded into the shift register 
on the rising edge of the clock. The MSB is loaded first and 
the LSB last. T he DAC register loads the data from the shift 
register whenLOAD is pulled low, and remains transpar- 
ent until JDAD is pulled high and the data is latched. 

An internal 5V regulator provides the supply for the digital 
logic. By limiting the internal digital signal swings to 5V, 
digital noise is reduced. The buffered output of the 1 2-bit 
shift register is available on the Douj pin which will swing 
from GND to V C c- 

Multiple LTC1257S may be daisy chained together by 
connecting the Dout pin to the D )N pin of the next chip, 
while the clock and load signals remain common to all 
chips in the daisy c hain. T he serial data is clocked to all of 
the chips, then the LOAD signal is pulled low to update all 
of them simultaneously. The maximum clocking rate is 
1.4MHz. 



Reference 

The LTC1 257 includes an internal 2.048V reference, mak- 
ing 1 LSB equal to 500uV. The internal reference output is 
turned off when the pin is forced above the reference 
voltage, allowing an external reference to be connected to 
the reference pin. The external reference must be greater 
than 2.475V and less than Vcc - 2.7V, and be capable of 
driving the 10k minimum DAC resistor ladder. 

If the reference output is driving a large capacitive load, a 
series resistor must be added to insure stability. For any 
capacitive load greater than 1 uf, a 1 0il series resistor will 
suffice. 

Voltage Output 

The LTC1257 voltage output is able to pull within 2.7V of 
Vcc wniie sourcing 2mA. A internal N MOS transistor with 
a 200Q equivalent impedance pulls the output to ground. 
The output is protected against short circuits and is able 
to drive up to a 500pF capacitive load without oscillation. 
If digital noise on the output causes a problem, a simple 
1 00Q, 0.1 uf RC circuit can be used to filter the noise. 



tvp^hl nppucflTions 

DAC with External Reference 



CONTROL OUTPUT 




Filtering Vref and Vqjt 
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LTC1257 



tvpicrl nwiicRTions 



Auto Ranging 8-Channel ADC with Shutdown 

22nF 



CHO 


Vf,C 


CS 










LTC1296 


CLK 


CH7 




Din 


COM 






REF + 


REF~ 


sso 



2 



5Qk 50k y\ 
I ' 74HC04 



0.1|iF 



0.1 HF 



/ 



V 0UT LTC12S7 ^ 
__ 



Vcc Dim 
tOOQ / CU 
-WV <V in Li:v 



:o.v.f 



LOAD 
GND VfiEf Ooui 



12-Bit Single 5V Control System with Shutdown 
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LTC1257 



TYPICAL APPUCOTIOnS 



Driving LTC1257 with Opto-lsoiators 




Lt \D 



O.lnF 



m 
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LTC1257 



PACK AG€ D€SCRIPTIOfl Dimensions in inches (millimeters) unless otherwise noted. 



N8 Package 
8-Lead Plastic DIP 





O065_ 
(1^651) 
TYP 



0^45^0.015 
(i .143 ±0.381) " 

0.100 ±^010 
(2.540 1 0.254) 




y30_±O005 
(3.302 ±0.127) 



F 0/125 T 
| (3.175) 0^020 

MIN (0.508) 

MIN 

018 ±0.003 



(0.457 1 0.076) 



8-Lead Plastic SOIC 



T 



0.228 - 0.244 
(5.791 -6.197) 



0189-0.197 



(4.801 -5.004) 
8 7 6 5 

h a a b 



OTT 

12 3 4 



(O.J54-i:-.:";o8) x450 "*1 



0.008-0.010 
(OJ03- 0.254) 



1 J L 0-016-0.050 
U.40S- 1.270 



Q°-8° TYP 

M 



0.053 - 0.069 
(1.346- 1.75 



0.014 -Q.Q19 
(0.355-0.483) 



14 



0.Q50 



(1.270) 
BSC 



information furnished by Linear Technology Corporation is believed to be accurate and reliable. 
However, no responsibility is assumed tor its use. Linear Technology Cor poralion makes no repiesen- 
tation that the interconnection of its circuits as described herein will rat infringe on existing patent rights. 
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LTC1257 



NORTHEAST REGION 

Linear Technology Corporation 

One Oxford Valley 
2300 E Lincoln Hwy.,Suite 306 
Lanahorne, PA 19047 
Phone: (215) 757-8578 
FAX: (215)757-5631 

Linear Technology Corporation 

266 Lowell St., Suite B-8 
Wilmington, MA 01 887 
Phone: (508) 658-3881 
FAX: (508) 658-2701 



U.S. Area Sales Offices 

SOUTHEAST REGION 

Linear Technology Corporation 

17060 Dallas Parkway 
Suite 208 
Dallas, TX 75248 
Phone: (214)733-3071 
FAX: (214)380-5138 

CENTRAL REGION 

Linear Technology Corporation 

Chesapeake Square 

229 Mitchell Court, Suite A-25 

Addison, IL 60101 

Phone: (708) 620-6910 

FAX: (708) 620-6977 



SOUTHWEST REGION 

Linear Technology Corporation 

22141 Ventura Blvd. 
Suite 206 

Woodland Hills, CA 91364 
Phone: (818)703-0835 
FAX: (818)703-0517 

NORTHWEST REGION 

Linear Technology Corporation 

782 Sycamore Dr, 
Milpitas, CA 95035 
Phone: (408)428-2050 
FAX: (408)432-6331 



International Sales Offices 



FRANCE 

Linear Technology S.A.R.L. 

Immeuble "Le Quartz" 
58 Chemin de la Justice 
92290 Chatenay Malabry 

France 

Phone: 33-1-41079555 
FAX: 33-1-46314613 

GERMANY 

Linear Techonolgy GmbH 

Untere Hauptsir. 9 
D-85386 Eching 
Germany 

Phone: 49-89-3197410 
FAX: 49-89-3194821 



KOREA 

Linear Technology Korea Branch 

Namsong Building, #505 
Itaewon-Dong 260-199 
Yongsan-Ku, Seoul 
Korea 

Phone: 82-2-792-1617 
FAX: 82-2-792-1619 

SINGAPORE 

Linear Technology Pte. Ltd. 

101 Boon Keng Road 
#02-15 Kallang Ind. Estates 
Singapore 1233 
Phone: 65-293-5322 
FAX: 65-292-0398 



TAIWAN 

Linear Technology Corporation 

Rm. 801, No. 46, Sec. 2 
Chung Shan N. Rd. 
Taipei, Taiwan, R.O.C. 
Phone: 886-2-521-7575 
FAX: 886-2-562-2285 

UNITED KINGDOM 

Linear Technology (UK) Ltd. 

The Coliseum, Riverside Way 
Camberley, Surrey GU15 3YL 
United Kingdom 
Phone: 44-276-677676 
FAX: 44-276-64851 



JAPAN 

Lineal Technology KK 

5F YZ Bldg. 

4-4-1 2 lidabashi, Chiyoda-Ku 
"okyo, 102 Japan 
Phone: 81-3-3237-7891 
FAX: 81-3-3237-8010 



World Headquarters 

Linear Technology Corporation 

1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 
Phone: (408)432-1900 
FAX: (408)434-0507 
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